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A paper called ‘‘20th century operation of the
Tromsø ionosonde’’ (Hall and Hansen, 2003) was
published in Advances in Polar Upper Atmosphere
Research, (one of the predecessors to this journal),
describing the history of ionospheric soundings made
by the Auroral Observatory (AO), in Tromsø. As a com-
plementary paper, we present here the history, status and
capabilities of another sounder, a dynasonde, which has
operated at the same site since 1980. The two sounders
were originally installed and operated for different
purposes: the University of Tromsø has long operated
an ionospheric observatory for regular, long-term mea-
surements (as described in detail by the Hall and Hansen
paper), while the dynasonde was obtained for more
focused campaigns, in particular together with the HF* Corresponding author. Tel.: þ47 7760 0572; fax: þ47 7760 0551.
E-mail address: mike.rietveld@eiscat.uit.no (M.T. Rietveld).
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doi:10.1016/j.polar.2008.02.001ionospheric heating facility; for these purposes a variety
of special operating modes are often used. In this paper
we describe the broad spectrum of high-level data prod-
ucts that this sounder can provide, and we illustrate
some interesting features in the data worth investigating.
It is also used as a test-bed for innovative new ap-
proaches to ionosonde data acquisition and processing.
Table 1 shows a summary of some characteristics of
the various ionosonde instruments situated near Tromsø
since the 1930s, taken from Hall and Hansen (2003;
their Table 2), with the dynasonde added in the last
column.
2. The Max-Planck Institute years: 1976e1992
The general history, evolution and description of the
NOAA dynasonde is available at http://www.ngdc.noaa.
gov/stp/IONO/Dynasonde/history.htm. The Tromsø
dynasonde was one of six designed and built at NOAA
(Grubb, 1979), following earlier prototype innovationsreserved.
Table 1
Ionosonde instrument overview (extended from Table 2 of Hall and Hansen, 2003)
(a) Polar Year
instrument
(1932e1933)
(b) Copy of Slough
instrument
(1935e1950)
(c) NPL Mk II
instrument
(1950e1968)
(d) Magnetic AB ‘‘J5W’’
instrument (1968e1979)
(e) Auroral Observatory
instrument (1980e1992)
(f) Lowell Digisonde
instrument
(1992epresent)
(g) Dynasonde
instrument
(1980epresent)
Location Transmitter at
Simavik, 69.8N,
19.0E
and receiver at
Tromsø, 69.7N,
18.9E
Tromsø, 69.7N,
18.9E
Tromsø, 69.7N,
18.9E
Tromsø, 69.7N, 18.9E Ramfjordmoen, 69.6N,
19.2E
Ramfjordmoen,
69.6N, 19.2E
Ramfjordmoen,
69.6N, 19.2E
Antenna type Thought to be
crossed dipoles
30 km apart
Crossed dipoles
(same location);
delta from 1946
Delta Delta Inverted log-periodic Rhombic Transmit: vertex-down
log-periodic, receive:
6-dipoles
Pulse repetition
frequency
50 Hz 50 Hz 50 Hz 50 Hz N/A (asynchronous) 200 Hz 100 Hz programmable
Pulse type Single, 100 ms
duration
Single, 100 ms
duration
Single, presumably
100 ms duration
Single, 70e100 ms
duration
2  8 bit complementary
code with 20 ms elements
2  16 bit
complementary
code with 17 ms
elements
Single Gaussian,
64 ms duration
Peak power
(normal operation)
100 W Not known 1e1.5 kW 35 kW 2 kW 300 W 10 kW
Range resolution 30 km Not known Better than 5%
(calibration in
1955)
Height marks
every 20 km,
accurate to 5%
6 km 5 km w0.1 km
(from stationary phase)
Frequency coverage 0.6e10.0 MHz 1e12 MHz 0.7e24.6 MHz 0.25e20 MHz 1e16 MHz programmable Typically
1e12.0 MHz,
but programmable
Typically 1e12.0 MHz,
but programmable
Frequency resolution 250 kHz 2 cm photographic
paper/MHz
Marks at every
100 kHz
Marks at every
1 MHz, accurate
to 5%
240 frequencies linearly or
logarithmically distributed
50 kHz 0.4%, programmable
Sweep time (typical
frequency range)
Determined by
operator
1 min 5 min 1 min 2e3 min 5e6 min 3 min, programmable
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57M.T. Rietveld et al. / Polar Science 2 (2008) 55e71(e.g. Wright, 1969). When the Max-Planck-Institute fu¨r
Aeronomie (now the Max Planck Institute for Solar Sys-
tem Research), in Germany decided to build a powerful
HF transmitting facility for ionospheric modification
experiments at EISCAT near Tromsø, Norway, it wanted
also to install a modern MF/HF ionospheric sounder. A
sounder is necessary to determine the state of the iono-
sphere for HF ionospheric heating experiments and for
certain diagnostics of heating effects. Even when there
is an incoherent scatter radar co-located, as at EISCAT,
HF ionospheric diagnostics are uniquely valuable be-
cause they are very sensitive to the same spatial-scale
range as is excited by HF heating. MPI decided to pur-
chase a dynasonde from NOAA, which was installed
in Tromsø and started intermittent operations in 1980.
This decision was not welcomed by everyone, since
the Auroral Observatory, part of the then newly-
established University of Tromsø, intended to design
and build its own new ionosonde at the same location.
There had been hope that MPI might support that plan.
The AO ionosonde was primarily intended for long-
term monitoring of the ionosphere, and to provide an
improved capability (over their then-existing instrument)
for calibrating the electron densities obtained by the
EISCAT incoherent scatter. However, the dynasonde
prototypes had already demonstrated many additional
capabilities: echolocations, Doppler, polarisation, pre-
cision group and phase ranges, and a mesospheric
(partial reflection) sounding capability, more than those
intended in the Norwegian ionosonde.
The Perkin-Elmer ‘Interdata’ computer of the dyna-
sonde, with model 7/16 processor, received echo I and
Q data from a novel digital signal processor; this was
programmed to recognize echoes (and reject non-echo
data samples) by a coincidence-detection algorithm
(Wright and Pitteway, 1979). The data were recorded
on 9-track 800 bpi ½00 tapes for subsequent analysis or
display at MPI in Lindau. Occasional hard copies of iono-
grams were made either on a Tektronix-4000 terminal
with a thermal hard-copy device or by photographing
an oscilloscope. Ionogram images from the processed
data tapes were produced on microfiche from November
1983 to November 1987 and are available from the first
author. The amount of data from the dynasonde between
1980 and 1992 was limited to special campaigns, usually
centred on ionospheric heating, lasting typically two-
weeks and occurring about two to six times per year.
2.1. RF hardware
For standard soundings the dynasonde transmits
a 64 ms FWHM Gaussian shaped pulse of nominally10 kW peak power. If the high-power vacuum-tube
amplifier fails then the 200e300 W solid-state driver
is automatically connected to the antenna, which still
results in soundings good enough for many purposes.
Two receivers are used with multiplexers on the inputs
such that different pairs of the six receiving antennas
can be sampled on each pulse. The received bandwidth
is normally 30 kHz. Details of the RF hardware, which
has not changed in the last 25 years, are given in Grubb
(1979).
2.2. Antennas
The layout of the transmitting and receiving antennas
on the site, together with those of some of the other co-
located instruments, is shown in Fig. 1. The dynasonde
transmitting antenna, which was installed in 1980, is
a 4-mast, two-plane vertex-down zigzag log-periodic,
with a log-periodic factor t ¼ 0.92. It provides superior
performance compared to other ionosonde antennas, as
has been documented by Wright (1998). The gain of this
antenna is estimated as Gt(q) ¼ 6 cos1.5(q) dB above the
low frequency design limit of 1 MHz, where q is the
radiation zenith angle. This antenna has withstood
26 years of arctic weather with minimal maintenance.
An original array of 4 receiving dipoles (at corners
of a 100 m square; each of 5 m total length, about 3 m
above ground), was replaced in July 1984 by a square
array of 6 much more sensitive long fat dipoles spaced
along a 141 m diagonal as illustrated in Fig. 1. Each di-
pole is made from two 11-m lengths of 15 cm diameter
aluminium tube of height H, about 2 m above the
ground. This configuration remains in use at time of
writing. The two inner dipoles serve to resolve spatial
phase aliasing that would occur at wavelengths shorter
than the 141 m baselines between the 4 outer antennas.
This is particularly important at auroral latitudes where
echoes may appear well off vertical by 45 or more.
Dopplers of 1 km/s are also not uncommon. The gain
pattern of these dipoles should be expressed adequately
by a standard expression, Gr(q) ¼ 4 sin2(2p H/l
cos(q)).
3. The EISCAT years: 1993 to the present
With the transfer of the HF facility from the Max
Planck Society to the EISCAT Scientific Association
in 1993, EISCAT now owned its own sounder. An up-
grade of the computer’s 10 MB disk, and signal proces-
sor to a PC-based system was already completed in
November 1992 with the assistance of Tom Berkey
(Utah State University). This allowed the dynasonde
Fig. 1. Scale map showing the positions of the dynasonde and antennas (magenta) in relation to the other radio research instruments at Ramf-
jordmoen, near Tromsø, Norway. Geographic north is at the top. The dynasonde transmitting antenna is a 2-plane vertex-down LPA; the 6-dipole
receiving array is oriented 16.5E. The red HF arrays show the wooden masts (small crosses) of the ionospheric heating facility supporting the
ends of full-wave dipoles oriented along the diagonals. The large blue crosses show the crossed half-wave dipoles of the 2.78 MHz MF radar
transmitting antenna, suspended between masts (small blue crosses). The ‘‘ionosonde tower’’ supports the transmitting antenna for the University
of Tromsø’s digisonde. The Morro array is a new 56 MHz antenna for a MST radar of the University of Tromsø. The green double line shows the
road and the unlabelled boxes are buildings or huts.
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the British Antarctic Survey (BAS) for their dynasonde
at Halley, Antarctica. The sounder operated more reg-
ularly, in particular during most EISCAT operations;
from 1994 it has operated in an observatory mode al-
most continuously, with soundings typically every 6
or 12 min. The soundings recorded since November
1992 are archived on CD-ROM locally as well as being
sent to the Rutherford Appleton Laboratory, UK, for
additional archiving (http://www.eiscat.uit.no/heating/
Dynasonde/logs/cdr-log/).
The RF hardware (transmitter, receiver, antennas)
has not changed significantly since the early 1980s.
Data processing software, however, has developed
considerably.Ever since the transfer to EISCAT, the dynasonde
data have been presented in real time on the World
Wide Web using ever improving analysis and display
software, resulting in a greater level of detail and
derived parameters. Graphic real-time displays of the
ionograms, sky-maps and 24-h summary plots of
plasma frequencies such as those displayed in Fig. 4
have been available since the early 1990s. In 2002,
an autonomous real-time analysis system called
DSND was installed. It provides a wide variety of de-
rived quantities including plasma-density profiles, drift
velocities, automatically scaled foF2 and foE values,
and other results, as described in a later section. The
development of the dynasonde continues at the present
time under the support of a USAF SBIR for the design
59M.T. Rietveld et al. / Polar Science 2 (2008) 55e71of a new hardware prototype to be called the Dyna-
sonde-21.
The Tromsø EISCAT dynasonde has played a key
role over many years in the development of the
DSND analysis system. It has been the main one of
three operating dynasondes (the others are Halley oper-
ated by the British Antarctic Survey and Bear Lake
Observatory operated by Utah State University) where
innovative research and development, as contrasted
with dedication to a static monitoring program, has
been encouraged continuously since about 1989. The
following developments have engaged three of the
authors of this paper (JWW, MLVP and MTR) during
this period:
1. Refinements of the earliest 4-pulse-set concept:
tests of alternate frequency-offset vectors; tests of
8-pulse sets, and their frequency-offset vector
choices.
2. Tests of alternate choices by which the dyna-
sonde’s receiving array (6-dipoles) is commutated
within a pulse set between the dynasonde’s two
receivers.
3. Evolution of a practical scheme for calibrating the
6-dipole, 2-receiver system for precision phase and
amplitude measurements.
4. Studies of ‘‘Radio-Frequency Interference Exci-
sion’’ in dynasonde data acquisition.
5. Development and testing of a new method (‘PRE-
TEC’) for the dual and related purposes of reject-
ing impulsive interference and recognizing valid
echoes.
6. Development and testing of an ionogram-based ex-
tension of sounding capability for mesospheric
observations.
7. Collaboration (in 2001, and with co-author NAZ)
in the installation and testing of a real-time data
analysis system, first at the EISCAT dynasonde
and later in more advanced form at the National
Geophysical Data Center, NOAA, Boulder.4. Present capabilities
Most of the data analysis methods now active on
the local Web site, such as DSND, the latest incarna-
tion of which is at the NOAA web site, were devel-
oped by J.W. Wright in collaboration with M.L.V.
Pitteway while at MPI (1983e1986), at BAS
(1986e1989), privately but with NSF support for pub-
lications 1990e1994, at U. Wales Aberystwyth 1997,
at Rutherford Appleton Laboratory 1998, and since1996 in collaboration with N.A. Zabotin. The detailed
information obtainable from an individual sounding
using the advanced analysis program called DSND
is now described. Illustrative examples of the types
of information that can be obtained about the iono-
sphere from such analysis methods, particularly from
sequences of analysed soundings, are presented in
Section 5.
4.1. Multi-parameter ionospheric echo information
Fig. 2 shows the results of analysing one ‘B-mode’
standard ionogram with the DSND program. The upper
part of the top panel shows the quiet afternoon iono-
gram (echo range, R0 vs sounding frequency f/MHz)
with different parts (numbered traces) in separate
colours. This is accomplished by an echo classification
algorithm by which echoes self-associate into classes
or ‘‘traces’’ through similarity of echolocation, Dopp-
ler, chirality, etc. The second hop echo traces (green,
red) are not shown in subsequent panels to avoid
clutter. The continuous smooth curve shows an inver-
sion to ‘‘true height’’ (by ‘POLAN’, Titheridge,
1985). The curves at the bottom of the panel indicate
echo amplitudes (dBe) and the background noise level
(dBn) in black.
The lower part of the ionogram figure contains five
phase-dependent echo attributes. For each echo of the
upper part of the figure (except recognized ‘‘multiple
echo’’ traces and echoes not classified into traces),
there are data points for each attribute in the lower
part, and the trace colouring is consistent in the two
parts. In descending order, the attributes are:
1. Echo line-of-sight Doppler (or phase-range speed),
V* in m/s. This is an average value over the pulse-
set span (0.08 s for 8-pulse sets). Note that express-
ing Doppler in this way removes its dependence on
observing frequency or wavelength, so that if
a trace represented a moving ‘‘object’’, V* would
appear independent of frequency in these plots.
The classification algorithm permits V* (and other
trace properties) to vary gradually with frequency
within traces. (In further processing, estimation
of a trace ‘‘Vector Velocity’’ (Wright and Pitteway,
1994) combines V* with the line-of-sight direc-
tions of all echoes of a trace in a least-squares pro-
cess, as discussed below.)
2. Meridional (magnetic) component of echolocation,
YL in km from the zenith, positive Northward; and
3. Zonal (magnetic) component, XL in km from the
zenith, positive Eastward. These components are
Fig. 2. An example of the parameters obtained and displayed in real-time from a standard ‘B-mode’ ionogram. The coloured, numbered traces of
virtual range (R0) in the top panel are classified by echo properties except for a few unclassified echoes (UnCl). fp(r) is the plasma frequency
profile in true range (R) from a POLAN inversion based on traces labelled with ‘<.’ The T50 trace shows the average of top 50 echo amplitudes
measured from previous soundings. The echo amplitudes (dBe) as well as noise level (dBn) are at the bottom of the top panel. In the second panel
V* is line of sight Doppler, YL is the northward and XL eastward locations of the echo. PP is the polarization rotation, or ‘chirality’; near 90 for
X-mode and 90 for O-mode, EP is an echo phase error parameter. The various plots are explained in more detail in the text.
60 M.T. Rietveld et al. / Polar Science 2 (2008) 55e71from the projection of the direction of arrival of the
echo to the group range, R0. Thus, refraction or de-
viation from linear propagation is ignored. By
a modernized inversion described below, we alsorecover some 3-dimensional ionospheric structure
from the frequency dependence of XL and YL in
a manner analogous to inverting ‘‘true height’’
from group range.
61M.T. Rietveld et al. / Polar Science 2 (2008) 55e714. Echo polarization rotation, or chirality, PP (right-
side Y-axis). At all but closely equatorial lati-
tudes, total-reflection echoes are nearly circularly
polarized. PP is the instantaneous phase differ-
ence between Northward- and Eastward-pointing
antennas in the dynasonde receiving array,
w90 for Ordinary-mode echoes, and wþ90
for eXtraordinary-mode echoes. At present, the
Tromsø receiving array is unfortunately very
near a large crossed-dipole array designed for
2.78 MHz mesospheric studies (Fig. 1); the
dynasonde ‘‘West’’ receiving antenna is almost
beneath one edge of this array (see Fig. 1).
Some distortion error of PP near 2.78 MHz is
often evident.
5. The echo mean phase, P* (or in wavelength units
R*) is a 6th phase-dependent quantity. It has uses
in ionospheric-irregularity diagnostics, in vector-
velocity estimations and other applications. Since
it is observed only in the range 180, with an un-
known number of full rotations, it seldom displays
a useful frequency dependence and is omitted from
the figure.
6. Echo Phase Error, EP (). The 6 phase-difference
echo attributes are determined from 16 phase
values in a least-squares estimation; EP is an error
estimate which, multiplied by factors from the
(constant) diagonal elements of the solution covari-
ance matrix, expresses error-bars or confidence
limits on each attribute.4.2. Phase-based echo recognition
The ionogram in Fig. 2 was obtained by real-time
detection of echoes based on their consistent times of
arrival in the amplitude domain (Wright and Pitteway,
1979). A new method of identifying valid echoes,
based on the above phase-dependent parameters
(Wright and Pitteway, 1999), has been tested and is
in regular use at Tromsø. The method (‘PRETEC’)
can be described briefly as follows.
The dynasonde transmits RF pulses of 64 ms nomi-
nal duration. Dynasonde raw data comprises I and Q
samples each 10 ms within a time-delay window corre-
sponding, typically, to 60e800 km of range. All of
these samples are stored and transformed to produce
the above parameters, initially as if they were valid
echoes. True echoes are identified (and noise is re-
jected) by an algorithm that tests the consistency of
these parameters among the 3e10 time-samples of an
echo’s duration. The example in Fig. 3 shows thehigh density of echoes found in another example of
an ionosphere that has more complex structure than
the example shown in Fig. 2. Note particularly that
PRETEC detects echoes with amplitudes only slightly
exceeding the prevailing noise level. There is a hard-
ware/software limitation in the present data-taking sys-
tem that limits the number of I & Q samples at less
than about 500 km, and the sounding takes slightly lon-
ger. For this reason, these soundings are presently al-
ternated between the ordinary B-mode soundings
which extend to 750 km in range. The phase-based
technique is also better for detecting weak mesospheric
echoes, as shown below.
The analysis shown in Fig. 3 comes from the most
recent version of the software running at NOAA.
The inset illustrates ‘NeXtYZ’ the latest innovation
in ionogram inversion (Zabotin et al., 2006). The in-
version describes wedge-stratified ionospheric
layers, with the result that a 3-dimensional inversion
is performed, and a truly vertical profile is obtained
by interpolation. The insert shows the north-south
(blue) and east-west (red) tilts of the wedge layers,
along the zenith. This inversion also gives error es-
timates, which are shown on the electron density
profile.
4.3. Vector velocity estimates
An estimation is made of a ‘‘Vector Velocity’’
(Wright and Pitteway, 1994) by combining V* with
the line-of-sight direction, over all echoes of various
selected groups (traces, regions, heights) in a least-
squares process, to determine an intrinsic velocity.
This is routinely done for all ionograms, resulting,
for example, in separate E and F-region vector
velocity estimates every six minutes. Early compari-
sons of the resulting velocities with tristatic EISCAT
radar observations have shown very good agreement
(Sedgemore et al., 1996, 1998). This data set should
be able to complement similar data derived from the
network of SUPERDARN HF radars, and the tri-
static velocities derived from the EISCAT UHF
system.
5. Scientific applications
We show here examples of a number of observa-
tions of scientific interest which have been only partly
exploited or examined, and which are worthy subjects
of further detailed investigation. These examples
mostly use a sequence of soundings rather than an in-
dividual sounding.
Fig. 3. An example from a more complex ionogram showing many spread echoes. See Fig. 2 caption for explanations of the various plots. It
illustrates the result of a phase-based echo recognition algorithms as well as ‘NextXYZ’ (Zabotin et al., 2006), the latest innovation in ionogram
inversion. The inversion is done using wedge stratified ionospheric layers, with the result that a 3-dimensional profile is obtained, together with
error estimates. The variations of northward (red) and eastward (blue) tilts are shown vs. altitude in the insert.
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The echoes in Fig. 2 show a commonly observed
feature near the critical frequency: an increasing south-
ward tilt. While many deviations from horizontal strat-
ification may be explained by sunrise/sunset effects,gravity waves, auroral activity and the like, such south-
ward tilts at Tromsø seem unusually common and may
be related to irregularities aligned along the magnetic
field direction. This is a topic that warrants closer in-
vestigation. It is possibly also related to the magnetic
zenith effect found in many phenomena induced by
63M.T. Rietveld et al. / Polar Science 2 (2008) 55e71power HF radio wave pumping of the ionosphere. For
a discussion of the HF aspect angle behaviour of many
observations at EISCAT (see Isham et al., 1999a,b,
2005; Rietveld et al., 2003; Kosch et al., 2004).
5.2. Calibration of the EISCAT radars
To meet calibration requirements of the upgraded
EISCAT radars, advantage has been taken of the
automated real-time scaling of foE and foF2 available
online since 2002. We can now routinely test and com-
pare the ionosonde penetration plasma frequencies
with the corresponding E and F-region peak plasma
densities, and thereby check the calibration of the inco-
herent scatter radars. Plots of the comparison are put
into the MADRIGAL data base (http://www.eiscat.se/
madrigal/), which is the internationally used incoherent
scatter data base. One important result which has come
out of such detailed comparisons is the recognition that
wet snow in the antennas of incoherent scatter radars
can result in electron densities being underestimated
by at least a factor of 2, as documented by Rietveld
et al. (2005).
The use of foE for calibrating special D and E-
region programs used by EISCAT is another advance
which has proved to be very valuable. While automatic
scaling of foF2 works very well and requires only min-
imal manual correction, it seems that the automatic
scaling of foE is not as straightforward and some im-
provements could be made in separating thin sporadic
E layers from the thicker normal E layers.
5.3. Ionospheric overviews
An informative overview of each day is updated in
real-time in plots similar to the electron density colour
example shown in Fig. 4a. In this plot each ionogram is
shown as a vertical line, with colour representing the
radio frequency of O-mode echoes (thus the reflection
value of the cold-plasma frequency), plotted versus vir-
tual range on a logarithmic scale. As for the ionograms
of Figs. 2 and 3 the log scale compensates to some ex-
tent for the exaggeration of virtual over real range. For
comparison we show in Fig. 4b the corresponding elec-
tron densities from the EISCAT UHF radar converted
to plasma frequencies. The radar was directed along
the magnetic field line. This figure demonstrates that
the dynasonde can produce, under conditions of not
too heavy electron or proton precipitation that would
cause high absorption and HF-blackout, a useful view
of the ionosphere at times when the incoherent scatter
radar is not operating. A similar plot to Fig. 4a couldbe made using the true-height electron-density inver-
sions which would show a more realistic height
distribution.
5.4. Spatial maps
One of the advantages of using HF total reflection
echoes with a wide transmitting beam and spaced re-
ceiving antennas is the ability to obtain the direction
and range of echoes from a large area of the sky;
this process depends on the presence of tilts or inho-
mogeneities that allow total reflection back to the
observing location. This is of particular advantage in
the auroral region where large scale ionisation struc-
turing exists such as the ionospheric trough, blobs,
aurorally-associated gradients, travelling ionospheric
disturbances (TIDs). By simply plotting the maximum
O-mode echo frequency, irrespective of height, in
colour, versus latitudinal zenith direction and time,
one gets a useful overview of all of the above spatial
structures, as illustrated in Figs. 5 and 6.
Fig. 5 shows an example of a daily plot of the echo
meridional direction where apparently a blob of ionisa-
tion with peak plasma frequency of about 3 MHz drifts
in from the north at 18 UT, reverses making a
sideways-S-shaped pattern. In Figs. 5 and 6 the iono-
spheric trough is clearly seen in the late afternoon as
a region of low density (foF2 less than about 2 MHz)
which comes in from the north and moves southward.
In the plot from 27 Nov 2001, there are some localised
regions of high electron density that appear on the
poleward wall of the trough, which may be associated
with aurora. A comparison of electron density gradi-
ents from the dynasonde and the co-located EISCAT
UHF radar in a meridional scanning mode (Jones
et al., 2000) showed good agreement between the
two techniques. The event in Fig. 5 has been studied
in more detail by Senior et al. (2006).
5.5. Irregularity parameters
Dynasonde ionograms are commonly made in a ‘‘B-
mode’’ pattern of 3e6 ramps of 3e6 sounding frequen-
cies per ramp. The sounding-frequency repetitions
permit a temporal Structure-Function analysis of echo
phases from which the mean amplitude (DN/N)1 km
and spectral index of ionospheric irregularities is deter-
mined (Zabotin and Wright, 2001). At Tromsø the
irregularity amplitude varies distinctly with the mag-
netic disturbance index Kp, as shown in Fig. 7. This
diagnostic is valuable for studies of heater-induced
or -modulated plasma irregularities.
Fig. 4. Plasma frequency plot from (a) the dynasonde and (b) the EISCAT UHF (931 MHz) incoherent scatter radar for a 24-h interval. Note that
the ‘heights’ in (a) are virtual range, and that the plasma frequency is only observed below the plasma frequency peak. The vertical striping effect
near the top in (a) is caused by every second sounding being a ‘PRETEC’ sounding where the sampling range is limited to below 500 km, but
where weaker echoes are detected than in the standard sounding, which is particularly evident below 100 km.
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The dynasonde was designed to be a general pur-
pose HF radar which includes a mesospheric radarcapability. By mesospheric radar we mean a radar
which detects generally weak echoes from heights be-
tween about 75 and 90 km and which are not returned
by total reflection but by weak scattering from
Fig. 5. Maximum plasma frequency (O-mode echo) in colour shown as a function of north-south zenith angle and time. The black line shows the
zenith while the red line shows the magnetic field zenith angle.
Fig 6. Two plots of north-south echo direction similar to Fig. 5, showing travelling ionospheric disturbances (TIDs) propagating southward, as
witnessed by the periodic southward extending fingers of echoes. The ionospheric trough is also visible in the evening near 18 UT.
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Fig. 7. E-region irregularity amplitude (DN/N) for 1 km scale derived from the echo mean phase from the Tromsø dynasonde, compared with the
local K-index of magnetic activity for a six-day interval.
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mentation is the technique called IDI which has been
shown to give reliable wind measurements at the
mid-latitude station of Bear Lake (Jones et al., 2003).
This dedicated mode was also run regularly at Tromsø
between May 1999 and September 2003 with some
success although the results have not been studied in
detail or published.
That mesospheric echoes can also be obtained from
routine ionospheric soundings has been documented in
the past (e.g. Jones and Davis, 1998). Olesen and
Wright (1961) made a detailed statistical study of
similar low altitude ionosonde echoes, although they
were not called mesospheric echoes at that time. These
observations demonstrated that a dedicated observing
mode was not necessary, and that such echoes could
be observed over a wide frequency range. A recent
example from a single ionogram, obtained using the
phase-based echo recognition technique described
earlier, is illustrated in Fig. 8.
In this example, the red trace at 80 km is typically
10e15 dB weaker than the blue E region echo, and
both echo groups come from overhead. There are also
some disorganized echoes from just below 80 km
shown as sparse green dots. It should be possible to de-
rive vector velocities from such echoes in ways similar
to those used for total reflection echoes (Section 4.3)
but so far we have had only limited success.
Future studies of such mesospheric echoes, which
are an indicator of decameter scale refractive index
irregularities, should prove to be interesting in their
own right but especially to see how they may be related
to mesospheric structures at smaller scales whose
existence is difficult to explain: our data set should be
particularly useful to determine whether such echoes
are correlated with polar mesospheric summer echoes
(PMSE) which are extensively studied at the Ramfjord-
moen site with VHF radars (224 MHz and soon at56 MHz), a UHF (930 MHz) radar and with the HF-
pumping facility to perturb the echoing process.
5.7. Unusual radar applications
The dynasonde has been used in conjunction with
the HF heating facility in some non-standard radar
modes. A very powerful fixed frequency radar of
several hundred kilowatts can be implemented simply
by using all or a subset of the 12 heating transmitters
instead of the dynasonde’s own transmitter. In a novel
example of ionospheric probing pioneered by Russian
scientists (Belikovich et al., 2002), a subset of the
heating transmitters were used to set up refractive in-
dex irregularities in the ionospheric D and E regions
within the standing wave pattern of the pump wave re-
flected from the F region. After a few seconds required
to set up the irregularities, their decay was measured
by radar Bragg scatter, again using the same heating
transmitters in a short pulse mode. The amplitude
and phase variation of the decaying backscatter gives
information on the ion chemistry and vertical winds
respectively (Rietveld et al., 1996).
5.8. Studies of the HF-perturbed ionosphere
The dynasonde was installed primarily as a diagnos-
tic instrument for use with the HF heating facility, and
so it is perhaps surprising that few papers have been
published describing HF-heating effects. Apart from
a large scale artificial electron depletion reported by
Wright et al. (1988), HF-modification effects have
been surprisingly subtle in standard ionospheric sound-
ing data. One can sometimes see anomalous absorption
(Stubbe et al., 1982) of HF echoes above the HF-
pumping frequency, and increased spread of F-region
echoes when pumping with powerful O-mode waves,
but the latter effect is not as dramatic as that found
Fig. 8. An ionogram showing mesospheric echoes (red trace). An explanation of the various plots is given in the Fig. 2 caption. On the amplitude
plot the green trace is the background noise level.
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Fig. 9. Digisonde ionograms corresponding to (a) Fig. 3, and (b) Fig. 8. The colours indicate Doppler shift as the colour shade and wave polar-
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1974). The fact that the HF-heater and the dynasonde
are within a few hundred meters of each other results
in somewhat degraded measurements during such ex-
periments because the strong HF-pump signal affects
the ability of the dynasonde to detect echoes close to
it in frequency.
Because of the recent interest in magnetic zenith ef-
fects in HF-pumping experiments mentioned earlier in
Section 5.1, we are now investigating the spatial distri-
bution of echoes obtained with the dynasonde during
HF-pumping experiments. Capabilities of the dyna-
sonde to measure parameters of the small-scale irregu-
larities using the phase structure function method
(Zabotin and Wright, 2001) or effects of multiple scat-
tering in the ionosphere (Zabotin et al., 2004) are
awaiting their applications in conjuction with the heat-
ing experiments.
The dynasonde has proved invaluable for deciding
what frequency to use in HF-pumping experiments
and in providing background ionospheric information.
An important quantity is how much absorption is suf-
fered by the HF waves and this can often be obtained
for linear propagation (weak waves) from the ratio of
the amplitudes of the second-hop to first-hop echoes.
6. Dynasonde compared to digisonde
A few remarks are appropriate to distinguish the dy-
nasonde from the well-known ‘Digisonde’ widely dis-
tributed by the University of Massachusetts Lowell
Center for Atmospheric Research:
(a) The Digisonde (DPS-4) performs coherent integra-
tion of repeated (typically 32e128) pulses, to per-
mit successful sounding with 300 W of radiated
power. Each individual pulse is of extended length
(533 ms) and is phase coded for additional pulse-
compression gain. Use of these features limits the
utility of the Digisonde in fundamental ways: The
lowest height of measurement (80 km, so that the
long transmitted pulse has expired) excludes much
of the mesosphere; the use of pulse integration
limits the time resolution for samples of echo phase
and amplitude (0.32e1.28 s at 100 pps; half this at
200 pps is often used, but then ‘‘around the time-
base echoes’’ occur commonly).
(b) The dynasonde operates preferentially at a power
level of 10 kW with excellent (30e40 dB) S/N
for a single pulse. Its 300 W driver amplifier can
be used alone, resulting in 15e25 dB S/N. Sophis-
ticated echo recognition and parameterizationmethods permit the echoes of each pulse to be
treated as individual objects, capable of character-
ization by many objective attributes. Because of
the unique and careful designs that comprise the
dynasonde’s standard pulse set and B-block mea-
surement strategies, there is no need for special
and individual observing modes that characterize
the Digisonde (e.g., ‘Drift Mode’).
The co-located operation of a dynasonde and a dig-
isonde at Ramfjordmoen (Table 1), although superfi-
cially rather extravagant, allows comparisons of the
two types of instruments. Detailed studies of this
type have not been performed so far, but could be in-
formative. By way of a simple comparison, we show
in Fig. 9 the digisonde ionograms taken within a few
minutes of the dynasonde ionograms in Figs. 3 and
8. Both instruments show essentially the same iono-
sphere as expected, but some details, like the more
complex structure and the mesospheric echoes are
more evident in the dynasonde soundings. A more ex-
tensive comparison of the soundings from the two in-
struments is beyond the scope of this paper.
7. Future prospects
Another dynasonde has been operating at Halley
Bay, Antarctica, by the British Antarctic Survey since
the early ’80s. In 2008 it will be decommissioned there
and will be transferred to EISCAT. Present plans are to
deploy it next to the EISCAT Svalbard Radar, near
Longyearbyen on the island of Spitzbergen at
780901100N, 160104400E. This sounder will provide
data similar to that of the Tromsø instrument but
from a polar cap location; it will complement the
monostatic incoherent scatter radar, the SPEAR heat-
ing facility, and other radio sounding instruments there.
Eventually both of the EISCAT dynasondes may be
replaced by the more modern Dynasonde-21 being de-
veloped, which should substantially improve the al-
ready advanced capabilities described here (Zabotin
et al., 2005).
8. Summary
A description of the dynasonde HF sounder situated
in the auroral zone near Tromsø, northern Norway, is
given with historical, technical and scientific aspects.
The advanced ionospheric data products, largely avail-
able in real-time, are: 3-dimensional inverted electron
density profiles, critical frequencies, vector velocities,
mesospheric echo detection, and large-scale maps of
70 M.T. Rietveld et al. / Polar Science 2 (2008) 55e71horizontal electron density distribution. All these are
available practically continuously, in real-time, with
typically 6-min time resolution. Scientific areas worthy
of investigation include the physics of mesospheric
echoes, magnetic zenith echoes, horizontal structures,
and the characterisation of irregularities. A similar
sounder is planned for the polar cap region on Sval-
bard, and the modern Dynasonde-21 version of this
sounder will surely improve on these capabilities.Acknowledgements
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